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Raw data images of the PL dispersion spectral measurements
In Figure 1 (C) and Figure 2 (A-C) of the main text, we demonstrated the variation in the polariton dispersion by overlaying several spectra on top of each other. This was done to get a clear comparison between different dispersion spectra. To do so, we removed background data pixels which did not belong to the polariton branch. In Fig S1, we plot the raw data of the measurements which were used to create Figure 1(C). In Fig S2, We plot the raw data of the measurements which were used to generate Figure 2 (A-C). Here P1 and P2 represent the low and the high excitation powers respectively. 
Numerical simulation of the blue-shifted polariton dispersion
Here, the polariton absorption as a function of β is calculated for various blueshifted exciton energies (corresponding to the various excitation powers and thus various polariton densities), using a rigorous coupled wave analysis (RCWA) solver (see appendix B in ref. [15] for details on the numerical method). These dispersion calculations are shown in Fig S3 (a-c) , where for each calculation the energy of the exciton was fitted to approximately match the corresponding experimentally measured PL spectra which are shown in Fig 3 (d-f) .
Fig S3
Fitted RCWA simulations of the absorption spectrum as a function of the parallel momentum vector β, calculated for F with fitting exciton blue-shift energies (a) ∆E x = 0 (b) ∆E x = 1.5 meV and (c) ∆E x = 3meV .δE is the energy with respect to E x (∆E X = 0). (d-f) The corresponding experimental PL spectra.
Decay of polaritons at the ouput grating
Here we present the method used to derive the density of the polaritons at the output grating n 0 from the measured number of emitted photons N ph and the . .
. . S
The e ffect o f t he energy of the exciton on the polariton energy . Comparison between experiment and simulation.
. other experimental parameters. For clarity, we first derive this relation without the losses due to collisions, and then include polariton-polariton scattering to get the final results used in the paper.
Density decay without collisions
The rate equation for polaritons which propagate along the out-coupling grating is given by:
where γ = γ r + γ nr is the overall decay rate, γ nr is the decay along the ITO channel, and γ r is the added loss due to the out-coupling along the grating. In Figure 6 of the paper we plotted the emitted PL from the area of the grating for F = 0. The decay along the grating is plotted in Fig. S4 . Since γ r should not depend on F we can extract: γ r = γ − γ nr . Dividing both sides of Eq.S1 by the
Fig S4
The emission along the grating for F = 0 group velocity of the polaritons v g gives the following solution:
whereγ = γ/v g . The emitted intensity is given by
. . The decay of the emission intensity along the grating coupler.
The total number of emitted photons from a single excitation pulse is given by:
where t p is the temporal width of the pulse (see Figure S5) , d is the length of the grating, and ∆y is the lateral width of the polariton cloud perpendicular to the propagation direction. This yields,
and,
Fig S5 The temporal shape of the laser pulse, measured with a Streak camera.
Density decay with collisions
Accounting for collisions, the rate equation will take the form:
. . and the expression for I(x) will be
Repeating the steps from before we need to solve an integral of the form
By defining η = 1 − e −γx we get dη =γe −γx dx and the integral becomes
In our case a = n
Finally we get
This expression is then used for the derivation of the densities presented in the paper, where we use t p = 280 ps (see Figure S5 ), d = 100 µm ∆y = 17 µm (see Figure 6 of the paper). The emission rateγ r was extracted using the data in Figure S4 and the data from Figure 4 of the main text, and was found to bẽ γ r =γ −γ nr ∼ 1/330 µm −1 . The value ofγ col is the same as the one calculated by fitting to Eq. 4 of the paper. The group velocity, v g , which is the mean velocity of the polaritons, was extracted from the fits to the coupled oscillator model. From those fits, the population at each excitonic fraction χ x (β) (or photonic fraction χ ph (β)) is found, from which the mean polaritonic fractions and the mean velocity are extracted. N ph is acquired from the counts of the ICCD with the procedure described in the Material and methods section of the paper.
Extraction of the separate variations of the exciton energy and of Ω xp on n It is essential to unambiguously determine whether the blue-shift we measured results from an interaction-induced energy shift of the bare exciton or a reduction in the oscillator strength of the exciton. It turns out that due to the particular dispersion of WG-polaritons, these two effects are separable. By following the parallel momentum, β, of the equal exciton and photon fraction χ x = 1/2 of the lower polariton branch, we can distinguish between these two mechanisms: Since the parallel momentum of the χ x = 1/2 is equal by the definition to the parallel momentum of the crossing point of the dispersions of the bare exciton and the bare photon, we do not expect to see any change in β(χ x = 1/2) if the blue-shift is solely due to a reduction in the oscillator strength. However, if the blue-shift arises from an actual energy shift of the excitonic component, the crossing point should also shift to larger β values. This is depicted schematically in Figure S6 . Moreover, by following the variations in β(χ x = 1/2) and plugging it to the dispersion of the bare photon we can derive the magnitude by which the energy of the exciton was shifted and the variation of Ω xp , as was done to extract those values plotted in Figure 2 of the main text.
The rate equation of propagating polaritons in a waveguide
In this section, we derive the expression describing the rate equation for the decay along the channel (Eq.3 of the main text). We begin by writing a general expression for n β , a density of polaritons with a given propagation constant β. The change in the population of this density is determined by the single particle decay rate γ β and by the probability for these polaritons to scatter with polaritons from the overall density. Thus we can write:
Now n β can be represented as n β = P β n tot , where n tot is the total density and P β is the distribution function of the polaritons. Plugging it in into Eq.S13 and summing over β we get
Now we define γ pol = β γ β P β and γ col = β γ β col P β to get Eq.3. 
Derivation of d(n)
Here we give the derivation of the expression for d(n) used during the fitting of the data in the paper. Considering the differential of the expression for the blue shift ∆E = αd(n)n we get
We assume that d decrease linearly with the increase of the bluse shift δd = ξδ∆E and plug it into Eq.S15 to get
, s . .
Eq.S16 can be rearranged to give
Which by integration gives the solution
The expression for the energy variation at constant β
In Figure 3 (c,d) of the main text, we show the variation of the blue-shift at a specific parallel momentum. It can be noticed that the values of the blue-shift there are smaller than those we got for polaritons with a specific excitonic fraction. In the following, we offer a derivation which gives the expression for the variation in energy for constant β. We note that this is usually the case one encounters when regarding the density-dependent blue-shift in microcavities, where β = 0. The energy of the lower polariton branch is given by
Now lets assume we have some density of dipoles in the systemn which introduces a blue-shift to the excitons energy E x → E x +ḡn. In generaln = n pol χ x (β) andḡ = g 0 orḡ = g d (n).
The blue-shift of the polariton branch at constant β will be given by
ḡn + (E ph (β) − E x (β)) 2 + 4h 2 Ω 2 − (E ph (β) − E x (β) −ḡn) 2 + 4h 2 Ω 2 .
